The Regolith of 4 Vesta: Perspectives from Howardite Meteorites and Dawn Mission Observations by Pieters, Carle M. et al.
THE REGOLITH OF 4 VESTA: PERSPECTIVES FROM HOWARDITE 
METEORITES AND DAWN MISSION OBSERVATIONS 
MITTLEFEHLDT, David W., NASA, Johnson Space Center, mail code KR, 2101 NASA Parkway, Houston, TX 
77058, david.w.mittlefehldt@nasa.gov, BLEWETT, David T., Johns Hopkins University Applied Physics 
Laboratory, 11100 Johns Hopkins Road, MS MP3-E169, Laurel, MD 20723, DENEVI, Brett W., Johns Hopkins 
University Applied Physics Lab, 11100 Johns Hopkins Road, MS MP3-E169, Laurel, MD 20723, DE SANCTIS, 
M.C., INAF, Instituto di Astrofisica Spaziale e Fisica Cosmica, Via Fosso del Cavaliere 100, Rome, 00133, Italy, 
JAUMANN, Ralf, German Aerospace Center (DLR) Berlin, Institute of Planetary Research, Rutherfordstrasse 2, 
Berlin, D-12489, Germany, KELLER, H. Uwe, University Braunschweig, IGEP, Mendelssohnstrasse 3, 
Braunschweig, 38106, Germany, NATHUES, Andreas, Max-Planck-Gesellschaft, Institute for Solar System 
Research, Hofgartenstrasse 8, Katlenburg-Lindau, 80539, Germany, PIETERS, Carle M., Geological Sciences, 
Brown University, Box 1846, Providence, RI 02912, RAYMOND, C.A., Jet Propulsion Laboratory, Pasadena, 
CA 91109, and ZUBER, Maria T., Department of Earth, Atmospheric and Planetary Sciences, Massachusetts 
Institute of Technology, Cambridge, MA 02139-4307 
4 Vesta is the largest asteroid with a basaltic surface, the only surviving differentiated asteroid recording 
igneous processes from the earliest phase of solar system history. The Dawn spacecraft is in orbit about Vesta 
pursuing a campaign of high resolution imaging and visible and infrared spectrometry of the surface; 
compositional mapping by gamma-ray and neutron spectrometry will follow. Vesta is heavily cratered with a 
surface covered by impact debris, a regolith. One important goal of the Dawn mission is to develop an 
understanding of regolith processes that are affecting this surface debris. Regolith characteristics are a record 
of interaction with the environment (e.g., impactors, dust, solar wind, galactic cosmic-rays) and give evidence of 
surface processes (down-gravity movement, etc.). Regolith mineralogy and composition reflect the local 
bedrock, with influences from regional and global mixing. Understanding regolith processes will aid in 
determining the lithology of underlying crust.  
Vesta is most likely the parent asteroid of the howardite, eucrite and diogenite meteorites. Eucrites are intrusive 
and extrusive mafic rocks composed mostly of ferroan low-Ca clinopyroxene and calcic plagioclase, while 
diogenites are cumulate magnesian orthopyroxenites. Magmatism occurred within a few million years of the 
formation of the solar system and then ceased. Impacts into the igneous crust produced the howardites - 
polymict breccias composed of mineral and lithic debris derived mostly from eucrites and diogenites. Some 
howardites are true regolith breccias formed by lithification of extensively impact-gardened surface debris. 
However, howardites have a number of significant petrologic and compositional differences from mature lunar 
regolith breccias and soils reflecting the different environment around Vesta compared to that at 1 AU. The 
most significant differences are the higher impactor flux with a lower mean impact velocity and the lower 
gravity. As a result, regolith processes on Vesta differ in detail from those on the Moon.  
Laboratory study of howardites and orbital investigation of Vesta will allow for development of robust models of 
regolith formation on hand sample to multi-kilometer scales. 
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